A magyar étkezési tojástermelés gazdasági kérdései különböző tartástechnológiában, üzemméretben és termelési színvonalon ABSTRACT The aim of this study is to reveal the effects of housing systems, farm sizes and production levels on the economic indicators of Hungarian table egg production. This research is based on the farm-level cost and income data and the related weights of egg production farms between 2003-2015 from the Hungarian Farm Accountancy Data Network (FADN) database. These data were processed using descriptive statistics and correlation and regression analyses were performed to evaluate the correlations between each indicator. The results show that the unit cost of egg was 7.16 Eurocent/egg in enriched cage system and 39% higher (9.97 Eurocent/egg) in barns between 2012-2015 in Hungary.
INTRODUCTION
Since the ancient times, egg has been one of the most fundamental and most valuable foods of mankind. The biological value of chicken eggs is the same as that of breast milk as it contains 40 types of proteins, including some which have bactericidal, strong antigenic and blood pressure lowering effect. Egg is relatively low in calories compared to other foods and it contains 18 different amino-acids, of which 9 are essential. In addition, eggs are low in fat and especially rich in vitamins (A, D, E, B 1 , B 2 , B 3 , B 5 , B 6 , B 9 , B 12 ) and minerals (Fe, Zn, Cu, Mg, I, Se, Ca, P, K). Egg contains an optimal proportion of saturated and unsaturated fatty acids, but it does not contain carbohydrates and trans fats. The most inexpensive way to cover the daily animal protein need of the human body is to consume eggs. Also, eggs can be produced with the least environmental load. At the same time, egg is not only an essential food, but it also has a significant role in health protection and disease prevention due to its functional characteristics. Egg enhances brain functions and embryonic development, it strengthens the immune system and reduces the risk of cardiovascular and tumour diseases (breast, skin, colon and cervical cancer), age-related ocular diseases (macular degeneration, cataract), thrombosis and vasoconstriction, as well as the degenerative loss of skeletal muscle mass quality and strength associated with aging (sarcopenia) (Szőllősi et al., 2017) .
The egg production of the world increased by around 26% from 56 to 70 million tons between 2004 and 2014.
China is the biggest shelled egg producer (representing 36% of the world's production) where the volume of production increased from 20.5 to 24.9 million tons (+28%) in the examined period. As regards the volume of egg production, China is followed by the USA (8.6%) and India (5.7%). The latter greatly increased its output from 2.5 to 4 million tons (+58%) in the last decade. In 2014, the EU28's share of the world's egg production was 10% in 2014 (Food and Agriculture Organization, FAO, 2017) .
On a world scale, the amount of exported eggs nearly doubled, increasing from 1 to 1.97 million tons between 2003-2013, with Europe taking a significant share. In 2013, 23.8% of all exported eggs originated from the Netherlands, 14.2% from Turkey and 10.8% from Poland.
In the same year, Germany was the biggest egg importer, importing 371 thousand tons of eggs (19.3%). Iraq is also a significant market outlet, as the quantity of imported eggs increased from 21 to 294 thousand tons in the examined period. In addition, the Netherlands, Italy, Mexico and Russia also greatly increased their volume of import (FAO, 2017) .
The egg production of the EU28 increased from 7 to 7.7 million tons (10%) between 2006-2016. It is predicted that 0.6% increase is to be expected each year in the next decade and the output may exceed even 8.2 million tons by 2026. 74-79% of production originates from the EU15 countries, however, there was a significant increase in production (14%) in the EU-N13 in the past years. Egg consumption was in constant change in the EU between 2006-2016. Following the decline in the past years, egg consumption reached its decade-old level again in 2016 (12.7 kg per person per year). Further 4% increase is predicted for 2026 (European Commission, EC, 2016) .
As opposed to international trends, the pullet population decreased by 18% and the amount of produced eggs by 14% between 2004 and 2016 in Hungary. In 2004, 4.7 million pullets were put in production and 1.3 billion eggs were produced, while the current figures are 3.9 million pullets and 1-1.1 billion eggs (Hungarian Poultry Production Board, HPPB, 2017). The Hungarian
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The sales prices of egg continue to be determined by demand and supply, but there is a significant difference both seasonally and between the prices in each member state. In general, the price of eggs is the highest in Sweden, Denmark and Austria, while it is the lowest in Spain and the Czech Republic (McDougal, 2017) .
The most significant change in table egg production in the recent years was evoked by the welfare Directive 1999/74/EC. Starting from 1 st January 2012, producers had to stop using traditional cage systems. In 2015, 56% of the laying flock of the EU28 countries were kept in enriched cages, while 44% were raised in alternative systems. Of non-cage systems, barn has a highlighted significance, as around 26% of the laying hen population of the EU28 countries are kept in barns. The share of free range is 14%, while that of organic system is 4%. In several countries, the proportion of alternative systems is especially high in comparison with the EU average.
More than 80% of the laying flock is raised in non- It is important to note that housing systems have no effect on the internal and external colour or the nutritional values of the egg. At the same time, eggs produced in cages are the cleanest and safest, while hygienic and animal welfare risk is higher in alternative systems (Csobaji-Nagy et al., 2016) .
Egg production in Hungary is concentrated, as nearly 40% of the Hungarian laying hen population are kept on 16 farms. On the contrary, nearly 40% of all farms have less than 350 places for hens, but only 1% of the total hen population is kept on these farms. In 2016, 519 farms with a capacity to raise more than 350 hens were active in Hungary, which represented nearly 6.2 million places for hens ( Figure 2 ). 62% of these farms use enriched cages and nearly 80% of places for hens belong to these farms. 38% of farms use some alternative system, of which the proportion of barns (32%) is significant ( Figure   3 ) (National Food Chain Safety Office, NFCSO, 2016). The production cost of egg is different in the case of each housing system. According to Sossidou et al. (2015) , the ban of conventional cage housing (Directive 1999/74/ EC) increased the production cost of egg by nearly 28%.
This finding is also confirmed by the research results of Matthews and Sumner (2015) , i.e., the cost of feed per egg and the cost of pullet in enriched cage systems are somewhat lower than those of conventional housing systems, but the significantly higher labour costs result in 13% higher production costs altogether. In addition, the production cost of eggs produced in aviaries is nearly 36% higher than in conventional cages. According to Van Horne and Bondt (2017) , the production cost of one egg produced in conventional cages was 5.29 Eurocents in 2015 and it was 6% higher (5.59 Eurocents) in the case of enriched cages and 23% higher (6.52 Eurocents) in the case of barns/aviaries. A partial reason for this difference lies in the less effective use of place.
According to Szabó (2017a) , the results of different housing systems are difficult to compare because there is a significant difference in efficiency between farmers using the same housing system. Furthermore, it was concluded that laying hens produce eggs at the same level both in conventional and enriched cages and even more favourable results can be obtained under specific circumstances. Differences between cage and noncage systems constantly diminish as the proportion of alternative housing systems increases. Feed conversion ratio and mortality show improvement in countries where the proportion of alternative housing systems is high.
The objective of this study is to demonstrate the effect of housing systems, farm size and production level on the main economic indicators of Hungarian table egg production. Three hypotheses were proposed in relation to this purpose: H 1 : the production of table egg is more cost-efficient in (enriched) cage systems than in barns; H 2 : economies of scale prevail also in egg production, i.e., egg production cost is lower in larger farm size; H 3 : more favourable economic indicators (cost and profit) can be realised on higher production levels (specific yield).
MATERIALS AND METHODS
Farm-level data of egg production farms from the database of Hungarian Farm Accountancy Data Network In addition to the obligatory EU data provision, the Hungarian FADN is also the database of sectoral cost and income analyses. Sectoral cost and income data are based on the accounting of agricultural enterprises which is performed in conformity with rules set out in the Accounting Act and other financial prescriptions (Béládi et al., 2017) .
The FADN is representative of the commercial agricultural holdings in the Union. Holdings are selected to take part in the survey on the basis of sampling plans established at the level of each region in the Union.
In order to extrapolate the data in the sample to all holdings in the Union covered by the survey, a special weighting system is used. It is based on the principle of In order to guarantee the lack of distortion of the Hungarian cost and income relations, as well as the differences between and their proportions, the financial data of the database were processed in HUF and the obtained results were converted to EUR using a base year exchange rate of the Central Bank of Hungary in 2015 (309.9 HUF/EUR).
The following clusters were developed during the grouping of farm-level data: ᴥ based on housing systems: (1) cage, (2) barn; ᴥ based on farm size (average number of hens): (1) below 350, (2) 350-999, (3) 1,000-9,999, (4) 10,000-50,000, (5) above 50,000; ᴥ based on production level (yearly egg production per hen): (1) below 240, (2) 240-290, (3) above 290.
The specific yields of egg production, unit cost, sales price, net profit per egg, production value per hen, production cost per hen, net profit per hen and cost structure were analysed. Regarding these indicators, the mean, standard deviation and median of the whole population within the given group were determined considering farm-level weights. The comparative values of mean and median properly characterise the symmetry of the given indicator. In addition, correlation and regression analyses were performed to examine the correlations between each indicator.
RESULTS AND DISCUSSION
Based on the tendency of sales prices (Figure 4) , it can be concluded that the sales price of eggs produced in cages increased by nearly 77% between 2003-2015, while this increase was close to 95% in barn systems. The yearly increase of caged eggs price was 0.27 Eurocents Apart from the fluctuation between each year, the unit cost of egg significantly increased in both technologies ( Figure 5 ). The level of increase exceeded that of sales price, as the production of egg was 77% more expensive in 2015 than in 2003 in cage systems, while there was a 111% increase in barns. In cage systems, the yearly average increase of unit cost was 0. Averaged over the 13 examined years in cage systems, the most significant cost items were feed costs (52.7%), hen depreciation (13.1%), other variable direct costs (12.5%) and labour costs (9.6%). The proportions of these costs in barn systems were 47.8%, 11.1%, 13.3%, and 10.4%, respectively. Based on the calculation of Van Horne and Bondt (2017) , in 2015, feed costs ranged between 52 and 62% and labour costs varied between 3-7% on farms using cages in the most significant egg producing countries of the EU. In the case of barn systems, the same proportions were 53-56% and 2-9%, respectively. Of the examined countries, the proportionally lowest level of labour costs was realised in Poland.
Based on the obtained data between 2012-2015, it can be concluded that the size of farms using cages was 78.7 thousand hens (Std. dev. 72%), while that of barn systems is notably lower, as the average size is 409 hens.
The difference in unit cost of egg is 2.81 Eurocents (39%) between the two housing systems, which is mainly due to the different farm sizes ( Table 1 ). The unit cost of eggs is 4.6% higher in the case of farms with less than 350 hens and 9.8% higher in the case of 350-999 hens. On the contrary, farms with 1,000-9,999 hens show 5.1% more favourable values in barn systems. If the cumulated average values of farms belonging to these three farm size (1-9,999 hens) are compared, it can be concluded Eurocents per egg). However, it also has to be noted that the average size of cage farms with less than 10 thousand hens (2,201 hens) is five times as big as those using alternative systems.
When examining the unit cost in different farm sizes, up to 10-20% difference can be observed between each farm size category. As regards its magnitude, this difference is in accordance with the findings of Castello (2011), who obtained a 7-15% difference in unit costs between each farm size, depending on the given technology. At the same time, the correlation between farm sizes and unit costs is weak (r=0.26; P<0.05), which led to the conclusion that unit costs are affected by mostly other factors (technological and production level, expertise, etc.).
When comparing the Hungarian data with the 2015 EU average data of Van Horne and Bondt (2017) , it can be stated that Hungarian farmers produce at significantly higher unit costs in both technologies. The unit cost of egg is 29.5% higher in cage systems and 52.7% higher in barns. Even in the case of larger farms, this disadvantage still ranges between 10-25%.
When examining production level in different farm sizes, the yearly volume of egg production per hen shows an increase with the rise of farm size ( Table 2 ). The smallest farms obtain 25% lower specific yield than the largest ones. Medium correlation (r=0.43; P<0.05) can be observed between farm size and egg production per hen.
There is also a difference between each housing system, as Hungarian producers realised 27% lower yield in barn systems than in cages. At the same time, in international comparison ( Van Horne and Bondt, 2017) , the average of Hungarian cage systems is 10-12% below the average values of the most significant egg producing countries of the EU.
As regards sales prices, similar correlations can be observed. Farmers using alternative technology and those with smaller farms realise higher prices (Table   3) . When comparing the average sales prices of farms with less than 10 thousand hens, it can be seen that farmers using barn systems realise 7.4% higher prices on the market, which shows that consumers partially sell eggs directly to consumers, bigger farms are forced to sell their products mainly through retail chains at the prices set by these chains due to the large batch sizes (Szabó, 2017b) . Accordingly, it is important to note Molnár and Szőllősi (2015) , i.e., the preferences of Hungarian consumers purchasing foods in retail stores mainly cover the egg size, colour, uniformity, undamaged condition and country of origin and not the housing system; therefore, the potential sales prices and consumer decisions are mostly affected by these factors.
The production value per hen is nearly the same concerning the countrywide average of the two technologies (Table 4) . At the same time, farmers on larger farms using cages realise lower production value despite the higher production level, primarily due to the notable differences in sales prices. As opposed to cage systems, larger farm size is more favourable in the case of barn technology.
There is only 2% difference in the production cost per hen, considering the countrywide average of the two technologies (Table 5) , but if only the cumulated averages of farms with less than 10 thousand hens are compared to each other, it can be seen that the production costs per hen are 17% higher in cages than in barns. This means that the opposite differences manifested in unit cost are rooted in specific yields. In addition, decreasing When categorising farms into three clusters based on their production levels (yearly egg production per hen), a positive correlation with economic indicators can be observed (Table 7) . Averaged over farms with yields above 290 eggs per hen, a yield of 303 eggs per hen approaches the yearly 310-320 eggs per hen value, as published by Van Horne and Bondt (2017) . As regards unit cost, 33% and 26% decreases can be observed between the sales opportunities of smaller, but more extensively operating production farms to direct consumers. The production value per hen shows medium correlation with egg production per hen (y=0.05x+7.76; R 2 =0.29; P<0.05).
Furthermore, it was 6.25 Euros higher per hen at higher production levels, compared to the average of farms with the lowest yield. The production cost per hen was more favourable also in the case of farms performing at higher production levels, while there is a very weak correlation (r=0.07; P<0.05) between the production cost per hen and yield. Net profit per egg increases in parallel with production levels (y=0.04x-11.56; R 2 =0.35; P<0.05) and
while there was a loss on behalf of farms belonging to the first two clusters, the average profit per egg was 2.27 Eurocents in the case of higher specific yield in the examined period. Similar correlation was observed in the case of net profit per hen (y=0.06x-14.74; R 2 =0.18; P<0.05).
CONCLUSIONS
H 1 hypothesis ("The production of table egg is more cost-efficient in (enriched) cage systems than in barns") was confirmed by the difference in unit cost which is basically explained by more favourable specific yield; therefore, the hypothesis is accepted. H 2 hypothesis ("Economies of scale prevails also in egg production, i.e., egg production cost is lower in larger farm size.") is only partially accepted. Even though it can be confirmed based on the average of clusters, but the correlation between the two variables is very weak; therefore, other factors also play a role in determining unit cost. H 3 hypothesis ("More favourable economic indicators (cost and profit) can be realised on higher production levels (specific yield).") was confirmed by the described correlations; therefore, the hypothesis is accepted.
Altogether, it can be concluded that the improvement of the current technological level (which is below the average of the most development EU countries) would definitely enhance the physical and economic efficiency of Hungarian egg production by supporting modernising investments. In addition to improving feed conversion ratio, the primary objective would be to reduce specific labour use and specific energy use. Alternative technologies are recommended for smaller, family farms, since the available manpower is not economically viable to be substituted by technical development at this scale. In addition, the price advantage provided by the alternative system can be exploited by directly selling products to the consumers along short supply chains.
The only technology that can be recommended for largescale production is the cage system which is more costeffective.
